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POLYMERISATION EN PRESENCE D'UN RADICAL NITROXYDE 

p-SUBSTITUE 

5 DOMAINE TECHNIQUE : 

L'invention conceme un precede de polymerisation ou 
copolymerisation d'au moins un monomere porymerisable par voie radicalaire en 
presence d'un radical libre stable de la famille des nitroxydes. 
TECHNIQUE ANTERIEURE : 
io La presence d'un radical libre stable lors de la polymerisation ou 

copolymerisation de monomeres procure un contrdle de la polymerisation et 
mene a des polymeres a la polydispersite plus resserree. 

La qualite d'un contr6le de polymerisation ou copolymerisation peut 
egalement §tre appreciee par ('observation de ('augmentation de la masse 
15 moteculaire moyenne en nombre en fonction du pourcentage de conversion des 
monomeres en polymere ou copolymere. Lorsque le contrdle est bon, la masse 
mol&culaire moyenne en nombre est lineairement proportionnelle au 
pourcentage de conversion. Plus on s'ecarte de la linearite, moins le contrdle est 
bon. 

20 Le brevet US 4,581,429 decrit un procede de fabrication d'oligomeres a basse 
temperature et avec des faibles taux de conversion, faisant usage d'un compose 
de formule = N — O — X dans le milieu de polymerisation. 

Les brevets US 5 322 912 et US 5 401 804 illustrent Taction de 
radicaux tibres stables sur la polymerisation du styrene. Le brevet US 5 412 047 

25 illustre faction de radicaux libres stables sur la polymerisation des acrylates. Le 
brevet US 5 449 724 illustre Taction de radicaux libres stables sur la 
polymerisation de I'ethylene. Les documents qui viennent d'etre cites 
mentionnent comme radicaux libres stables des molecules cycliques lesquelles 
presentent en B de I'atome d'azote du groupement nitroxyde un groupement de 

30faible masse moleculaire, lesdites molecules presentant notamment 
('inconvenient de ralentir considerablement la vitesse de polymerisation ou 
copolymerisation, de sorte qu'il est parfois difficile voire impossible de mener 
cette polymerisation ou copolymerisation & une temperature suffisamment basse 
pour que la polydispersite du polymere final sort suffisamment resserree. 

35 En effet, plus la temperature du milieu est eievee, moins le contrdle 

de la polymerisation ou copolymerisation est bon, de sorte que le polymere ou 
copolymere final presente une plus forte polydispersite. 
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EXPOSE DE (.'INVENTION : 

L'invention pallie aux inconvenients ci-dessus evoques. Les 
radicaux libres stables mis en jeu dans le cadre de la presente invention 
sprocurent un excellent contrdle de la polydispersrte tout en assurant une 
meilleure Vitesse de polymerisation ou copolymerisation, si on les compare avec 
les radicaux libres stables mis en oeuvre par Cart anterieur. 

Un autre avantage de l'invention est de permettre la preparation de 
copolymeres a blocs. En effet, la polymerisation d'un premier monom&re en 

10 presence d'un radical libre stable m6ne a un bloc de polym&re vivant. II est alors 
possible d'accoler a ce premier bloc un bloc d'un autre polymere en placant le 
premier bloc de polymere vivant dans un milieu de polymerisation d'un second 
monomere. II est ainsi possible de realiser des copolymeres a blocs, par 
exemple, des copolymeres comprenant un ou plusieurs blocs de polystyrene et 

15 un ou plusieurs blocs de polybutadiene. La preparation de tels copolymeres est 
habituellement tres difficile par les voies radicalaires de I'art anterieur et, pour 
leur preparation, il est g6n6ralement fait appel aux proc§des de copolymerisation 
par voie anionique. 

La realisation de tels copolymeres par voie radicalaire necess'rte un 

20 bon contrdle de la polymerisation de chacun des blocs. En effet, si une reaction 
de terminaison vient interrompre la croissance par polymerisation d'un bloc, il ne 
sera pas possible de lui accoler un bloc d'un autre monomere. Les reactions de 
terminaison doivent done etre le moins frequentes possible. II y a moins de 
reactions de terminaisons iorsqu'au cours de la polymerisation, la masse 

25 moleculaire moyenne en nombre est mieux lineairement proportionnelle au 
pourcentage de conversion. L'existence de reactions de terminaison se traduit 
par une diminution de la vitesse d'augmentation de la masse moleculaire 
moyenne en nombre en fonction du pourcentage de conversion. 

L'invention concerne la polymerisation ou copolymerisation d'au 

30 moins un monom&re polymerisable en presence d'un radical libre stable de la 
famille des nitroxydes comprenant un enchatnement de formule : 

Rl 
I 

-C-N-0* (1) 
35 I I 

dans laquelle le radical R L presente une masse molaire superieure a 15. Le 
radical R L , monovalent, est dit en position p par rapport a I'atome d'azote du 
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radical nitroxyde. Les valences restantes de I'atome de carbone et de I'atome 
d'azote dans la formule (1) peuvent etre liees a des radicaux divers tels qu'un 
atome d'hydrogene, un radical hydrocarbone comme un radical alkyle, aryle ou 
aralkyte. comprenant de 1 a 10 atomes de carbone. II n'est pas exclu que 
5 I'atome de carbone et I'atome d'azote dans la formule (1) soient relies entre eux 
par I'intermediaire d'un radical bivalent de facon a former un cycle. De 
preference cependant, les valences restantes de I'atome de carbone et de 
I'atome d'azote de la formule (1) sont liees a des radicaux monovalents. De 
preference, le radical R L presents une masse molaire superieure a 30. Le radical 
10 R L peut par exempie avoir une masse molaire comprise entre 40 et 450. A titre 
d'exemple, le radical R L peut 6tre un radical comprenant un groupement 
phosphoryle, (edit radical Rl pouvant etre represents par la formule : 

R 2 

15 I 

-P-R 1 (2) 
II 
O 

20 dans laquelle R 1 et R 2 , pouvant etre identiques ou differents, peuvent §tre 
choisis parmi les radicaux alkyle, cycloalkyle. alkoxyle, aryloxyle, aryle, 
aralkyloxyle, perfluoroalkyle, aralkyle, et peuvent comprendre de un a 20 atomes 
de carbone. R 1 et/ou R 2 peuvent egalement etre un atome d'halogene comme un 
atome de chlore ou de brome ou de fluor ou d'iode. Le radical Rl peut egalement 

25 comprendre au moins un cycle aromatique comme pour le radical phenyle ou le 
radical naphtyle, ce dernier pouvant etre substitue, par exempie par un radical 
alkyle comprenant de un a quatre atomes de carbone. 

A titre d'exemple, le radical fibre stable peut etre choisi dans la liste 

suivante : 

30 N-tertiobutyl-1-phenyl-2 methyl propyl nitroxyde, 
N-temobutyM-(2-naphtyl)-2-methyl propyl nitroxyde, 
N-tertiobutyl-1-di6thylphosphono-2,2-dimethyl propyl nitroxyde, 
N-tera'obutyM-dibenzylphophono-2,2-dimethyl propyl nitroxyde, 
N-phenyl -1 -diethyl phosphono-2,2-dimethyl propyl nitroxyde, 

35 N-phenyM -diethyl phosphono-1 -methyl ethyl nitroxyde, 

N-(1 -phenyl 2-methyl propyl)-1-diethylphosphono-1 -methyl ethyl nitroxyde. 
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Le radical libre stable peut etre introduit dans le milieu de 
polymerisation ou copolymerisation a raison de 0,005 % a 5 % en poids de la 
somme de la masse de monomere polymerisable et de radical libre stable. 

Dans le cadre de la presente invention, tout monomere presentant 
5 une double liaison carbone-carbone susceptible de polymeriser ou copolymeriser 
par voie radicalaire, peut etre utilise. 

Au moins un monomere present dans le milieu de polymerisation ou 
copolymerisation peut etre un monomere vinylaromatique ou une olefine ou un 
diene ou un monomere acrylique ou methacrylique. Le monomere peut 
10 egalement etre le difluorure de vinylidene ou le chlorure de vinyle. 

Par monomere vinylaromatique, on entend le styrene, le styrene 
substitue sur le groupement vinyle par un groupement alkyle tel que I'alpha- 
methylstyrene ou I'ortho-vinyltoluene, le para-vinyltoluene, I'ortho-ethylstyrene, le 
2,4-dimethylstyrene, le styrene substitue sur le cycle par un halogene comme par 
15 exemple le 2,4-dichlorostyrene ainsi que le vinylanthracene. 

Par diene, on entend en particulier un diene conjugue comprenant 
de 4 a 8 atomes de carbone tel que le 1,3-butadiene, I'isoprene, le 2,3-dimethyl- 
1 ,3-butadiene, le piperylene. 

Le precede selon I'invention est plus particulierement efficace dans 
20 le cas des monomeres vinylaromatiques et des dienes. 

La polymerisation ou copolymerisation est realisee dans les 
conditions habituelles connues de I'homme du metier compte tenu du ou des 
monomeres consideres, du moment que cette polymerisation ou 
copolymerisation intervient par un mecanisme radicalaire, et a la difference que 
25 Ton ajoute au milieu le radical libre stable p-subst'rtue, conformement a 
I'invention. Suivant la nature du ou des monomeres que Ton souhaite polymeriser 
ou copolymeriser, il peut etre necessaire d'introduire dans le milieu de 
polymerisation ou copolymerisation un initiateur de radicaux libres. L'homme du 
metier connatt les monomeres qui necessitent la presence d'un tel initiateur pour 
30 que ce monomere polymerise ou copolymerise. Par exemple, la polymerisation 
ou copolymerisation d'un diene necessite la presence d'un initiateur de radicaux 
libres. 

L'initiateur de radicaux libres peut-etre introduit dans le milieu de 
polymerisation ou copolymerisation a raison de 50 a 50 000 ppm sur la base de 
35 la masse de monomere polymerisable ou copolymerisable. 

L'initiateur de radicaux libres peut par exemple etre choisi parmi 
ceux de type peroxyde ou de type azo. on peut citer a titre d'exemple les 
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initiateurs suivants : peroxyde de benzoyls, peroxyde de lauroyle, peracetate de 
tert-butyle, perpivalate de tert-amyle, per-2-ethylhexanoate de butyle, perpivalate 
de tert-butyle, perneodecanoate de tert-butyle, perisononanoate de tert-butyle, 
perneodecanoate de tert-amyle, perbenzoate de tert-butyle, peroxydicarbonate 
5 de di-2-ethylhexyle, peroxydicarbonate de dicyclohexyle, perneodecanoate de 
cumyle, permaleate de tert-butyle, 2,2'-azobis(isobutyronltrile), 2,2'-azobis(2,4- 
dimethyl-valeronitrile), 2,2 , -azobis(cyclohexanenitrile), 2,2'-azobis-(2- 
methylbutyronitrile), 2,2'-azobis(2,4-dimethyM-m6thoxyval6ronitrile). 

Dans le cas ou le milieu comprend un monomers vinylaromatique et 

10 que Con souhaite un excellent controle de la croissance du polymere ou 
copolymers de facon a ce que ce dernier sort de polydispersite particulierement 
etroite, il est preferable de mener la polymerisation ou copolymerisation a une 
temperature a laquelle aucune polymerisation ou copolymerisation nest 
observee en I'absence d'initiateur de radicaux libres, et d'ajouter un initiateur de 

15 radicaux libres dans le milieu. Par exemple, dans le cas de la polymerisation ou 
copolymerisation d'au moins un monomere vinylaromatique, on est dans cette 
situation lorsque la temperature est inferieure a environ 120°C. Des vitesses 
appreciates de polymerisation ou copolymerisation sont neanmoins obtenues 
par le precede de I'invention lorsque la temperature est comprise entre 90 et 

20 120°C, par exemple entre 100 et 120° C, et que Ton a ajoute un initiateur de 
radicaux libre au milieu. 

Neanmoins, si Ton accepte une polydispersite plus elevee, il n est 
pas exclu de chauffer le milieu a de plus fortes temperatures. 

Ainsi, dans le cas ou le milieu comprend un monomere 

25 vinylaromatique, la polymerisation ou copolymerisation peut etre initiee 
thermiquement et sans initiateur de radicaux libres, auquel cas elle est 
generalement conduite entre 120 et 200°C st de preference entre 120 et 160°C. 
Si un initiateur de radicaux libres a ete introduit, il est possible de realiser la 
polymerisation ou copolymerisation entre 25 et 120°C mais on peut egalement. 

30suivant la nature de I'initiateur et en particulier sa temperature de demi-vie, 
chauffer jusqu'a 200°C, si Con prefere une plus grande vitesse de polymerisation 
au detriment de la polydispersite. 

Dans le cas ou le milieu comprend un monomere vinylaromatique, 
la polymerisation ou copolymerisation peut etre menee en masse, en suspension 

35 ou en solution. 

Dans le cas d'un diene, la polymerisation ou copolymerisation est 
generalement realisee en solution ou suspension. Le milieu de polymerisation 
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ou copolymerisation peut etre destine a mener a un polymere vinylaromatique 
choc, auquei cas il comprend generalement au moins un monomere 
vinylaromatique et un caoutchouc, ce dernier etant generalement un polydiene 
conjugue tel qu'un ou plusieurs polybutadienes. 
5 L'invention conceme egalement la preparation de copolymeres. Par 

exemple, lorsqu'au moins un monomere vinylaromatique est present dans le 
milieu, on peut copolymeriser ce monomere avec, par exemple, au moins un 
monomere choisi parmi I'acrylonitrile, le methacrylonitrile, I'acide acrylique, I'acide 
methacrylique, un ester d'alkyle dont le groupement alkyle contient de 1 a 4 
10 atomes de carbone, un N-alkylmaleimide dont le groupement alkyle contient de 1 
a 4 atomes de carbone, le N-phenylmaleimide. 

Bien entendu, suivant les conditions de polymerisation ou 
copolymerisation, et en para'culier la duree, la temperature, le degre de 
conversion de monomere en polymere ou copolymere, il est possible de r6aliser 
15 des produ'rts de masse mol6culaire tres drfferente. 

L'invention conceme a la fois la preparation d'oligomSres, 
polymeres ou copolymeres de masse moleculaire moyenne en poids inferieure £ 
10 000, que celle de polymeres ou copolymeres de masse moleculaire moyenne 
en poids superieure a 10 000, comme les hauts-polymeres de masse moleculaire 
20 moyenne en poids allant generalement de 100 000 a 400 000. 

L'invention conceme a la fois les precedes de polymerisation ou 
copolymerisation dont le taux de conversion de monomere en polymere ou 
copolymere est inferieur a 50 % que ceux dont le taux de conversion de 
monomere en polymere ou copolymere est superieur a 50 %. 
25 Le procede de preparation de Famine secondaire peut comprendre 

une etape de reaction entre : 

un compose C comprenant un groupement carbonyle, 
une amine primaire. 

un derive phosphore comprenant un groupement phosphoryle. 
30 Le compose C peut par exemple §tre represents 

R 3 
I 

par la formule C=0 dans laquelie R 3 et R 4 , 
I 

35 R 4 

pouvant etre identiques ou differents, peuvent representer divers radicaux tels 
qu'un atome d'hydrogene ou un radical alkyle, aryle ou aralkyle comprenant par 
exemple de 1 a 10 atomes de carbone. Les radicaux R 3 et R 4 peuvent 
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egalement etre relies entre eux de fapon a former un cycle incluant I'atome de 
carbone du groupement carbonyle. Le compose C peut etre choisi parmi les 
aldehydes ou les cetones. 

A titre d'exemple, le compose C peut etre : 
5 -- le trimethylacetaldehyde, 
I'isobutyraldehyde, 
la diethylcetone, 
la dibutylcetone, 
la methylethylcetone 
10 - la cyclohexanone, 

la 4-tertiobutylcyclohexanone, 
la tetralone. 

L'amine primaire peut §tre representee par la formule R 5 -NH 2 dans 
laquelle R 5 peut representor par exemple un radical hydrocarbone lineaire ou 

15 ramifie, sature ou insature, pouvant comprendre au moins un cycle, ledit radical 
comprenant de 1 a 30 atomes de carbone, tel qu'un radical alkyle, aryle, aralkyle. 
A titre d'exemple, le radical R 5 peut etre choisi parmi les radicaux suivants : 
methyle. ethyle, propyle, isopropyle, tertiobutyle, diphenylmethyle, 
triphenylmethyle, phenyle, naphtyle, benzyle, phenyM -ethyle. 

20 Le derive phophore peut etre represents par la formule 

HP(0)(R6)(R7) dans laquelle R s et R 7 , pouvant etre identiques ou differents, 
peuvent etre choisis parmi les radicaux alkyle, cycloalkyle, alkoxyle, aryloxyle, 
aryle, aralkyloxyle, perfluoroalkyle, aralkyle, et peuvent comprendre de un a 20 
atomes de carbone. R 6 et/ou R 7 peuvent egalement etre un atome d'halogene 

25 comme un atome de chlore ou de brome ou de fluor ou d'iode. A titre d'exemple, 
les radicaux R 6 et R 7 peuvent etre choisis parmi les radicaux suivants : methyle, 
ethyle, n-propyle, isopropyle, tertiobutyle, n-butyle, phenyle, benzyle, methoxyle, 
ethoxyle, trifluoromethyle, benzyloxyle. 

A titre d'exemple, le derive phophore peut etre : le phosphite de 

30 diethyle, le phophite de dibenzyle, le phosphite de diisopropyle, le phosphite de 
di-n-dod6cyle, la diphenylphosphine oxyde, la dibenzylphosphine oxyde. 

Pour la reaction, on met de preference tout d'abord en contact le 
compost C et l'amine primaire, puis dans un deuxieme temps, on ajoute le 
derive phosphore. 

35 L'etape de reaction peut etre effectuee par exemple entre 0 et 

100°C, et de preference entre 20 et 60°C. 



WO 96/24620 



PCT/FR96/00180 



8 

De preference, le rapport molaire du derive phosphore sur le 
compose C est superieur a 1. 

De preference, le rapport molaire du compose C sur I'amine 
primaire va de 0,8 a 1 ,5. 
5 A la suite de I'etape de reaction, le milieu content une amine 

secondare, egalement objet de la presente invention. Cette amine secondaire 
peut, si necessaire.etre isolee de toute facon appropriee. 

En particulier, on peut acidifier le milieu par une solution aqueuse 
d'acide chlorhydrique pour fornier un chlorhydrate de I'amine secondaire, puis 
loajouter au milieu un solvant organique tel qu'un ether pour solubiliser les 
especes a eiiminer, puis isoler la phase aqueuse, puis ajouter dans cette phase 
aqueuse du carbonate de sodium pour liberer I'amine secondaire. Cette demi&re 
est ensu'rte extraite par un solvant organique tel qu'un ether pour etre ensuite 
isotee apres evaporation du solvant. 
15 famine secondaire peut etre representee par la formule : 

f 

R 4 - C - P(0)(R 6 )(R 7 ) (3) 



25 dans laquelle les radicaux R 3 , R 4 , R 5 , R 6 et R 7 conservent les significations 
precedemment donnees. 

L'amine secondaire peut servir a la preparation d'un nitroxyde. 
Le precede de preparation de ce nitroxyde, comprend, apres 
formation de I'amine secondaire, une etape d'oxydation de cette amine 
30 secondaire, capable de remplacer son groupement >N-H par un groupement >N- 
O. . On liste ci-apres, de facon non exhaustive quelques techniques appropriees 

reaction de I'amine secondaire avec I'eau oxygenee, dont le principe est 
enseigne par la demande de brevet EP 0 488 403 ; 
35 - reaction de famine secondaire avec le dimethyldioxirane suivant le 
principe enseigne dans R.W. Murray et M. Singh, Tetrahedron Letters, 
1988. 29(37), 4677-4680 (ou US 5 087 752) ; 
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reaction de famine secondaire avec I'acide metachloroperbenzoique 
(MCPBA), selon le principe enseigne dans J. Am. Chem. Soc, 1967, 
89(12), 3055-3056. 

On peut egalement utiliser les techniques decrites dans les 
5 demandes de brevet EP 0 1 57 738 et GB 1 1 99 351 . 

Pour ce qui conceme la methode d'oxydation au MCPBA, on 
prefere realiser I'oxydation dans les conditions suivantes : 

rapport molaire de I'amine secondaire sur le MCPBA compris entre 0,5 et 
1 et de maniere encore preferee entre 0,8 et 1 ; 
10 - temperature comprise entre -10 et 10°C, 

utilisation d'un solvant inerte de facon d pouvoir mieux contrdler 
I'exothermicite de la reaction. Ce solvant peut par exemple etre choisi dans la 
famille des solvants chlores comme le dichloromethane, ou le chloroforme. 

15 Le nitroxyde peut etre represents par la formule : 

R 3 



R'-C-PCOKR^R 7 ) (4) 



20 

Ijl-R 5 
O. 

25 dans laquelle les radicaux R 3 , R 4 , R 5 , R 6 et R 7 conservent les significations 
precSdemment donnees. A la suite de cette etape d'oxydation au MCPBA, le 
nitroxyde peut etre purifie, par exemple par elution sur colonne de silice, puis 
isol6 apr6s Evaporation des solvants eventueliement n6cessaires. 
MANIERES DE REALISER L'INVENTION : 

30 On donne ci-apr6s la signification de quelques abr6viations utilisees 

dans les exemples : 
Per. Benz. : Peroxyde de Benzoyie 
AIBN : 2,2'-azobis(isobutyronrtrile) 

Tempo :2,2,6,6-tetramethyl-1-piperidinyloxy 

3 5 DTBN : di-tertiobutylnitroxyde 
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a) Synthase du 2 2-dim6thvl- 1-M 1-dim6thvl6thvl-amino^DrQDvl phosohonate 
de dfethyle 

On melange a la temperature ambiante sous atmosphere d'azote, 
5 dans un ballon bicol de 250 ml muni d'une agitation magnetique et d'une 
ampoule a addition 6,68 g (0.077 mole) de pivalaldehyde et 5,62 g (0,077 mole) 
de tertiobutyl amine. Le melange est ensuite porte a 30°C pendant une heure. 
Apres retour a la temperature ambiante, on ajoute goutte a goutte au milieu 
26,23 g (0,19 mole) de phosphite de diethyle a la temperature ambiante. Le 

10 melange est ensuite porte sous agitation a 40°C pendant 24 heures. 

Apres retour a la temperature ambiante, on ajoute 20 ml d'ether 
diethylique et I'on refroidit a 10°C. On acidifie alors le milieu par une solution 
aqueuse a 5% en volume d'acide chlorhydrique, jusqu'a I'obtention d'un pH de 3 
dans la phase aqueuse. On ajoute alors 120 ml d'ether diethylique. On ajoute 

15 ensuite 10 g d'hydrogeno-carbonate de sodium pur, jusqu'a I'obtention d'un pH 
de 8 dans la phase aqueuse. On extrait ensuite famine par quatre extractions 
successives de 60 ml d'ether diethylique chacune, puis on seche la phase 
organique ainsi obtenue par environ 5 g de sulfate de sodium anhydre. Apres 
filtration, on evapore le solvant a I'evaporateur rotatif a 40°C sous 1 mbar, puis a 

20 I'aide d'une rampe a vide a temperature ambiante sous 0,2 mbar. On a ainsi 
obtenu 19,36 g de 2,2-dimethyH-(1.1-dim6thylethylamine)propyl phosphonate 
de diethyle. Les caracteristiques RMN de ce produit sont les suivantes : 

RMN A H dans CDCI 3 : 
25 0,99 ppm (s ; 9H ; tBu) ; 
1,06ppm(s ;9H ;tBu); 
1 ,28 ppm (t ; 6H ; Jh* - 7,1 Hz : CH 3 ) ; 
2,69 ppm (d ; 1H ; Jhj. = 17,9 Hz ; H en a du P) ; 
4,06 ppm (massif ; 4H ; Jh-h = 7,1 Hz ; CH 2 ). 

30 

RMN n C dans CDCI 3 : 

16,49 ppm (d ; Jc-p - 5,5Hz ; £H 3 -CH 2 ) ; 
27,90 ppm (d ; J«> = 6,1 Hz ; £H 3 -C-C) ; 
30.74 ppm (s ; £H r C-N) ; 
3 5 35,24 ppm (d ; Jw> = 9,6Hz ; CH 3 -£-C) ; 
50,93 ppm (s ; CH r C-N) ; 
59,42 ppm (d ; Jw» = 132,9Hz ; £H) ; 
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61,39 ppm (d ; Jc4» = 7,1Hz ; £H 2 ). 

RMN dans CDCI 3 : 
29,84 ppm. 

5 

b) Synthase dU N-tenlobutvUl^iMiylphnsph ono^ 2-dim6thvl propyl 

nitroxyde 

10 On dissout 2,28 g (0,0082 mole) de I'amine preparee au a) dans 5 

ml de dichloromethane, a temperature ambiante, puis on introduit la solution 
ainsi obtenue dans un ballon refroidi a 0°C et muni d'une agitation magnetique. 
On additionne au goutte a goutte une solution de 1,29 g (0,0075 mole) d'acide 
metachloroperbenzoTque (MCPBA) dans 5 ml de dichloromethane. Apres 6 

15 heures d'agitation a temperature ambiante, on ajoute au melange une solution 
aqueuse saturee de NaHC0 3 jusqu'a disparition du degagement de C0 2 , soft 
environ 30 ml de cette solution. On recupere la phase organique que I'on seche 
par environ 5 g de sulfate de sodium. On elimine ensuite le solvant a 
I'evaporateur rotatif a 40°C sous 1 mbar puis a I'aide d'une rampe a vide a 

20 temperature ambiante sous 0,2 mbar. On obtient ainsi 1,39 g d'une huile orange. 
On purifie cette huile sur une colonne de diametre de 4 cm et 30 cm de hauteur 
contenant 100 g de silice (silicagel 60, granulomere 0,040-0,063 mm) en 
proc6dant comme suit : On prepare une suspension comprenant les 100 g de 
silice melanges avec 200 ml d'un eluant constitue d'un melange 

25 CH2CL2/THF/pentane dans les proportions volumiques de 1/1/2. La colonne est 
remplie de cette suspension et on laisse reposer une heure, puis I'on depose en 
tete de colonne les 1,39 g d'huile orange sous la forme d'une solution a 80 % en 
volume dans I'eluant. Au moins 200 ml d'eluant sont necessaires pour purifier le 
produit. Le liquide en pied de colonne est recupere par fractions de 15 ml. On 

30 precede ensuite a I'elimination des especes volatiles, tout d'abord a I'evaporateur 
rotatif a 40°C jusqu'a une pression residuelle de 1 mbar puis a I'aide d'une 
rampe a vide a la temperature ambiante sous 0,2 mbar. On recueille finalement 
1,06 g de N-tertiobutyl-1-diethyl-phosphono-2,2-dimethyl propyl nitroxyde et dont 
la formule d6veloppee est : 

35 
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L'analyse elementaire du produit final est conforme aux valeurs 
calculees. Les donnees RPE de ce produit sont les suivantes : 

a P = 45,26 G 

5 a N = 14,27 G 

g = 2,0061 (facteur de Lande) 

Ce radical est stable dans la mesure ou son spectre RPE ne montre 
pas de modification sensible apres un stockage de deux mois a 25°C. 
io Par souci de simplification, ce produit est appele p-P. 

Example, 2 

a) Synthase du m a 0 n6sien (CH^CH-MoBr 

15 Dans un ballon bicol de 250 ml muni d'une agitation magnetique et 

d'un refrigerant comprenant un piege a CaCI 2 , on place 1 g (0,041 mole) de 
copeaux de magnesium recouverts de 10 ml d'ether diethylique, puis un cristal 
(environ 5 mg) d'iode, ce dernier ayant pour fonction d'activer ie magnesium et 
de demarrer la reaction. 

20 On additionne ensuite au goutte a goutte et par I'intermediaire 

d'une ampoule a addition 5,04 g de bromure d'isopropyle (0,041 mole)diiue dans 
10 ml d'ether diethylique. Le milieu est laisse sous agitation a la temperature 
ambiante pendant 3 heures. 

25 b) Preparation du M-teftiobutvl-1^h6nvl-2-methvl propyl nitroxvde 



Dans un ballon bicol de 100 ml muni d'une agitation magnetique et 
d'un refrigerant, purge a I'azote, on place 0,3 g de phenyl-N-tertiobutylnitrone 
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(PBN) soit 0.0017 mole, en solution dans 5 ml d'ether diethylique. On verse 
ensuite au goutte a goutte, la solution du magnesien preparee au a). On ajoute 
ensuite 10 ml d'eau distillee, et le melange est laisse sous agitation a la 
temperature ambiante pendant 2 heures. On precede alors a une extraction par 
5 2 fois 20 ml d'ether diethylique, puis la phase organique est sechee par 5 g de 
sulfate de sodium. Apres filtration, on procede a une elimination des especes 
volatiles de la solution organique a I'aide d'un evaporateur rotatif a 40°C jusqu'a 
1 mbar, puis a I'aide d'une rampe a vide a temperature ambiante sous 0,2 mbar. 
On obtient ainsi 0,42 g d'un liquide jaune-orange. On procede ensuite a une 
io purification sur silice identique a cede decrite a I'exemple 1b) sauf que I'eluant est 
un melange pentane/acetone dans un rapport volumique de 90/10. Apres 
evaporation de I'eluant de la meme facon qu'a I'exemple 1b), on recueille 0,1 g 
de N-tertiobutyl-1-phenyl-2-methyl-propyl nitroxyde dont la formule developpee 
est: 

15 



CH 




CH C N CH 

3 / I v CH 

CH X I \ / 3 

3 

O CH 

\ 

CH 

3 



L'analyse elementaire du produit final est conforme aux valeurs 
20 calculees. Les donnees RPE de ce produit sont les suivantes : 

a N = 15,21 G 
a H = 3,01 G. 

Ce radical est stable dans la mesure ou son spectre RPE ne montre 
pas de modification sensible apres un stockage de deux mois a 25°C. Par souci 
25 de simplification, ce produit est appele p-<p. 



Exemples 3 a 16 
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Dans un reacteur en acier inoxydable de 0,25 litre equipe d'un 
agrtateur a ruban et d'une regulation de temperature, on introdu'rt a 20°C et sous 
atmosphere d'azote, 150 g de styrene, y miliimoles d'initiateur et x miliimoles de 
radical libra stable. L'ensemble est porte a une temperature T (°C). L'instant 
5 auquel le melange atteint la temperature T est defini comme l'instant de depart 
de I'essai. 

On precede alors a des prelevements au cours du temps pour 

analyse : 

de la conversion en polymers ("conv" dans les tableaux), qui correspond 
10 au pourcentage en poids de solide obtenu apres evaporation sous un vide 
de 25 mbars pendant 20 minutes a 200°C de I'echantillon preleve par 
rapport a son poids initial ; 

de la masse moleculaire moyenne en poids (Mw) et en nombre (Mn) et 
done de la polydispersite P laquelle est egale a Mw/Mn, ces 
15 determinations etant realisees par chromatographie a permeation de gel. 

Les tableaux 1 et 2 rassemblent les resultats en fonction de la 
nature et des quantrtes x et y respectivement de radical libra stable et d'initiateur 
introduces. Les tableaux 1 et 2 donnent revolution de Mn, de la conversion et de 
la polydispersite en fonction de la duree de polymerisation a compter de l'instant 
20 initial. Les exemples 10 a 16 sont comparatifs. 
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RE VEN DIC ATIONS 



1. Procede de polymerisation ou copolymerisation d'au moins un 

monomere polymerisable par voie radicalaire en presence d'un radical libre 

stable comprenant un enchaTnement de formule 

Rl 
I 

- C - N - O- (1) 
I I 

dans laquelle le radical R\_ presente une masse molaire superieure a 15. 

2. Procede selon la revendication 1 caracterise en ce que Rl 
presente une masse molaire superieure a 30. 

3. Procede selon la revendication 2 caracterise en ce que Rl 
presente une masse molaire comprise entre 40 et 450. 

4. Procede selon I'une des revendications 1 a 3 caracterise en ce que 
les valences restantes de I'atome de carbone et de I'atome d'azote de la 
formule (1) sont liees a des radicaux monovalents. 

5. Procede selon I'une des revendications 1 a 4 caracterise en ce que 
Rl comprend un groupement phosphoryle. 

6. Procede selon la revendication 5 caracterise en ce que Rl peut 
etre represents par la formule 

R 2 
I 

-P-R 1 (2) 
II 
O 

dans laquelle R1 et R2, pouvant etre identiques ou differents, sont choisis 
parmi les halogenes, les radicaux alkyle, cycloalkyle, alkoxyle, aryloxyle, aryle, 
aralkyloxyle, perfluoroalkyle, aralkyle. 

7. Procede selon la revendication 6 caracterise en ce que R1 et R2 
comprennent de un a 20 atomes de carbone. 

8. Procede selon I'une des revendications 1 a 4 caracterise en ce que 
Rl comprend au moins un cycle aromatique. 

9. Procede selon la revendication 8 caracterise en ce que Rl est un 
radical phenyle. 

10. Procede selon la revendication 1 caracterise en ce que le radical 
libre stable est le N-tertiobutyH-diethylphosphono-2,2-dimethylpropyl 
nitroxyde. 
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11. Procede selon la revendication 9 caracterise en ce que le radical 
libre stable est le N-tertiobutyM-phenyl-2-methyl propyl nitroxyde. 

12. Procede selon Tune des revendications 1 a 11 caracterise en ce 
que le radical libre stable est present a raison de 0,005 % a 5 % en poids de 
la somme de la masse de monomere polymerisable et de radical libre stable. 

13. Procede selon I'une des revendications 1 a 11 caracterise en ce 
qu'un initiateur de radicaux libres est present 

14. Procede selon la revendication 13 caracterise en ce que I'initiateur 
de radicaux libres est present a raison de 50 a 50 000 ppm sur la base de la 
masse de monomere polymerisable. 

15. Procede selon I'une des revendications 1 a 14 caracterise en ce 
qu'il mene a des polymeres ou copolymeres de masse moleculaire moyenne 
en poids superieure a 10000. 

16. Procede selon la revendication 15 caracterise en ce qu'il mene a 
des polymeres ou copolymeres de masse moleculaire moyenne en poids 
allantde 100 000 a 400 000. 

17. Procede selon I'une des revendications 1 a 16 caracterise en ce 
que le taux de conversion de monomere en polymere ou copolymere est 
superieur a 50 %. 

18. Procede selon I'une des revendications 1 a 17 caracterise en ce 
que au moins un monomere polymerisable est vinylaromatique. 

19. Procede selon la revendication 18 caracterise en ce que au moins 
un monomere vinylaromatique est le styrene. 

20. Procede selon I'une des revendications 1 a 19 caracterise en ce 
que la temperature est comprise entre 90 et 120° C. 

21. Procede selon la revendication 20 caracterise en ce que la 
temperature est comprise entre 100 et 120° C. 

22. Procede selon I'une des revendications 1 a 19 caracterise en ce 
que la temperature est comprise entre 120 et 200° C. 
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POLYMERIZATION IN THE PRESENCE OF A p-SUBSTlTUTED 

NITROXIDE RADICAL 

TECHNICAL FIELD 

The invention relates to a procedure for the radicular polymerization or copolymerization of 
at least one polymerizable monomer in the presence of a stable free radical from the nitroxide 
family. 

PRIOR ART 

The presence of a stable free radical during the polymerization or copolymerization of 
monomers allows the polymerization to be controlled, and leads to the creation of polymers 
having a tighter polydispersity index. 

The quality of the control of polymerization or copolymerization may also be evaluated 
through the observation of the increase in the number average molecular weight, as a function 
of the percentage conversion of the monomers into polymers or copolymers. When the control 
is good, the number average molecular weight is linearly proportional to the conversion 
percentage. The greater the divergence from linearity, the worse the control. 

U.S. patent No. 4,58 1 ,429 describes a procedure for the manufacture of oligomers at low 
temperature and with low conversion ratios, through the use of a compound having the 
formula =N-0-X in the polymerization mixture. 

U.S. patents No, 5,332,912 and No. 5,401,804 illustrate the effect of stable free radicals 
on the polymerization of styrene. U.S. patent No. 5,412,047 illustrates the effect of stable free 
radicals on the polymerization of acrylates. U.S. patent No. 5,449,724 illustrates the effect of 
stable free radicals on the polymerization of ethylene. These documents mention, as stable 
free radicals, cyclic molecules which have, at the j} [position] of the nitrogen atom in the 
nitroxide group, a group whose molecular weight is low. The said cyclic molecules have the 
particular disadvantage of significantly slowing the polymerization or copolymerization 
speed, making it sometimes difficult or even impossible to conduct the polymerization or 
copolymerization at a temperature that is low enough for the final polymer to have a 
sufficiently tight polydispersity index. 
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In short, the higher the temperature of the mixture, the lower the quality of the 
polymerization or copolymerization, such thai the final polymer or copolymer has a higher 
polydispersity index. 

DESCRIPTION OF THE INVENTION 

The invention remedies the above-mentioned disadvantages. The stable free radicals that are 
used within the scope of the present invention allow excellent control of the polydispersity 
index, while ensuring a better polymerization or copolyxnerization speed, in comparison with 
the stable free radicals that have been employed in the prior ait* 

Another advantage of the invention is that it allows the preparation of block copolymers. 
In fact, the polymerization of an initial monomer in the presence of a stable free radical 
produces a block of living polymer. A block of another polymer can then be joined to this first 
block by placing the first block of living polymer in the polymerization mixture for a second 
monomer. In this way, block copolymers can be formed, such as (for example) copolymers 
consisting of one or more blocks of polystyrene and one or more blocks of polybutadiene. The 
preparation of such copolymers through the use of the radicular methods described in the 
prior ait is usually veiy difficult. Their preparation usually involves the use of anionic 
copolymerization procedures. 

The creation of such copolymers through radicular methods requires good control of the 
polymerization of each of the blocks. In fact, if the growth of a block by polymerization is 
interrupted by a termination reaction, it will not be possible to join a block of another 
monomer to that block. Thus, termination reactions should take place as infrequently as 
possible. There are fewer termination reactions when, during polymerization, the number 
average molecular weight is more linearly proportional to the conversion percentage. The 
presence of termination reactions is indicated by a reduction in the rate of increase of the 
number average molecular weight as a function of the conversion percentage. 

The invention relates to the polymerization or copolymerization of at least one 
polymerizable monomer in the presence of a stable free radical from the nitroxide family, 
which stable free radical includes a chain having the following formula: 
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I 

-C-N-O- <1) 
I I 

in which the molecular weight of the R L radical is greater than IS. The monovalent Rl radical 
is said to be in the 0 position in relation to the nitrogen atom in the nitroxide radical. The 
remaining valences of the carbon atom and of the nitrogen atom in formula (1) may be linked 
to various radicals, such as a hydrogen atom or a hydrocarbon radical (such as an alkyl, aryl, 
or aralkyl radical) having from 1 to 10 carbon atoms. The carbon atom and the nitrogen atom 
in formula (1) may be linked to each other by a bivalent radical, so as to form a ring- 
However, the remaining valences of the carbon atom and of the nitrogen atom in formula (1) 
are preferably linked to monovalent radicals. Hie molar weight of the Rl radical is preferably 
greater than 30. The molar weight of the R u radical may, for example, be between 40 and 450. 
For instance, the R L radical may be a radical that includes a phosphoiyl group, in which case 
the said Rl radical may be represented by the following formula: 

- R* 
I 

•P-R 1 (2) 
II 
O 

in which R l and R 2 , which may be identical or different, may be selected from among the 
alkyl radicals, the cycloalkyl radicals, the alkoxyl radicals, the aryloxyl radicals, the aryl 
radicals, the aralkyloxyl radicals, the perfluoroalkyl radicals, and the aralkyl radicals, and may 
have from i to 20 carbon atoms. R 1 and/or R x may also be a halogen atom, such as an atom of 
chlorine, bromine, fluorine, or iodine. The R L radical may also have at least one aromatic ring, 
as in the phenyl radical or the naphthyl radical, the latter of which may be substituted, for 
example, by an alkyl radical having at least 1 to 4 carbon atoms. 

For example, the stable free radical may be selected from the following list: 

• N-tert-butyl-l-phenyl-2-methylpropy] nitroxide 

• N-tert-butyM <2-naphthyl)-2-methylpropyl nitroxide 

• N-tert-butyl- l-diethylphosphono-2,2-dimethylpropyl nitroxide 
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• N-cert-butyl-l^ibenzylphosphonc^2,2-dimethylpropyI nitroxide 

• N-phenyl- l-diethylphosphono-2,2-diinethylpropyl nitroxide 

• N-phenyH^diethylphosphono-l-methylethyl nitroxide 

• N-(l-phenyl-2-methyIpropyl)-l-dic^ 

The stable free radical may be introduced into the polymerization or copolymerization 
mixture at a ratio of 0.005% to 5% by weight of the total weight of the polymerizable 
monomer and of the stable free radical. 

Within the scope of the present invention, any monomer may be used that has a carbon- 
carbon double bond which is capable of being polymerized or copolymerized through 
radicular means. 

At least one monomer that is present in the polymerization or copolymerization mixture 
may be a vinylaromatic monomer, an olefin, a diene, or an acrylic or methacrylic monomer. 
The monomer may also be vinylidene difluoride or vinyl chloride. 

The terra Vinylaromatic monomer" refers to styrene, styrene with a substituted alkyl 
group on the vinyl group (such as alpha-methylstyreue, ortho-vinyltoluene, para-vinyltoluene, 
oitho-cthylstyrene, or 2,4-dimethylstyrene), or styrene with a substituted halogen on the ring 
(such as 2,4-dichlorostyrene or vinylanthraccne). 

The term "diene" refers in particular to a conjugated diene having from 4 to 8 carbon 
atoms, such as 1,3-butadiene, isoprcne, 2,3-dimcthyl-l,3-butadiene, and piperylene. 

The procedure according to the invention is especially effective for vinylaromatic 
monomers and dienes. 

The polymerization or copolymerization process takes place under the standard conditions 
known to those skilled in the art, in consideration of the monomer(s) in question (because this 
polymerization or copolymerization process takes place through a radicular mechanism), with 
the difference, that in accordance with the invention, the ^-substituted stable free radical is 
added to the mixture. Depending on the nature of the monomer(s) to be polymerized or 
copolymerized, it may be necessary to introduce a free-radical trigger into the polymerization 
or copolymerization mixture. Those skilled in the art are familiar with the monomers that 
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require the presence of such a trigger in order for the monomer to be polymerized or 
copolymerized. For example, the polymerization or copolymerization of a diene requires the 
presence of a free-radical trigger. 

The free-radical trigger may be introduced into the polymerization or copolymerization 
mixture at a ratio of 50 to 50,000 ppm [parts per million], in accordance with the weight of 
the polymerizable or copolymerizable monomer. 

The free-radical trigger may be selected (for example) from among the peroxide or azo 
triggers. Examples include the following triggers: benzoyl peroxide, lauroyl peroxide, tert- 
butyl peracetate, tert-amyl perpivalate, butyl per-2-ethylhexanoate, tert-butyl perpivalate, tert- 
butyl pemeodecanoate, tert-butyl perisononanoate, tert-amyl pemeodecanoate, tert-butyl 
perbenzoate, di-2-ethylhexyl peroxidicarbonate, dicyclohexyl peroxidicarbonate, cumenyl 
pemeodecanoate, tert-butyl permaleate, 2,2'-azobis(isobutyronitrile), 2,2'-azobis(2,4- 
dimethyl-valeronitrile), 2,2'-azobis(cyclohexanenitrile), 2.2 , -azobis(2-methylbutyronitrile) f 
and2,2'-azobis(2,4-dimethyl-4-methoxyvaleronitrile). 

If the mixture contains a vinylaromatic monomer and excellent control is desired for the 
growth of the polymer or copolymer, such that the polydispersity index of the latter product is 
particularly tight, the polymerization or copolymerization procedure is preferably carried out 
at a temperature at which no polymerization or copolymerization is observed when a free- 
radical trigger is not present, with a free-radical trigger being added to the mixture. For 
example, for the polymerization or copolymerization of at least one vinylaromatic monomer, 
this condition is met when the temperature is below approximately 120 6 C. However, notable 
polymerization or copolymerization speeds are obtained with the procedure according to the 
invention when the temperature is between 90 and 120°C (for example, between 100 and 
120°C), and when a free-radical trigger is added to the mixture. 

Nevertheless, if a higher polydispersity index is acceptable, the mixture may be heated to 
higher temperatures. 

Thus, if the mixture contains a vinylaromatic monomer, polymerization or 
copolymerization may be initiated thermally, without the presence of a free-radical trigger, in 
which case the reaction usually takes place between 120 and 200°C, and preferably between 
120 and 180°C. If a free-radical trigger has been introduced, polymerization or 
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copolymerization n?ay be achieved at a temperature between 25 and 120°C However, 
depending on the type of trigger (and, in particular, on its half-life temperature), the mixture 
may be heated to a temperature as high as 200°C if a higher polymerization speed is 
preferred, at the expense of the polydispersity index, 

If the mixture contains a vinylaromatic monomer, polymerization or copolymerization 
may take place with the ingredients in a mass, in suspension, or in solution. 

For a diene, polymerization or copolymerizarion usually takes place in solution or in a 
suspension. The polymerization or copolymerization process may be intended to produce a 
[high-]impact vinylaromatic polymer, in which case the procedure usually includes at least 
one vinylaromatic monomer and a rubber. The latter ingredient is usually a conjugated 
polydiene, such as one or more polybutadienes. 

The invention also relates to the preparation of copolymers. For example, when at least 
one vinylaromatic monomer is present in the mixture, this monomer may be copolymerized 
with (for example) jai least one monomer selected from among acrylonitriie, methacryionitrile. 
acrylic acid, methacrylic acid, an alkyl ester whose alkyl group contains from 1 to 4 carbon 
atoms, an N-alkyl maletmide whose alkyl group contains from 1 to 4 carbon atoms, or N- 
phenylmaleimide. 

Naturally, depending on the polymerization or copolymerization conditions and, in 
particular, on the duration, temperature, and the degree of conversion of the monomer into a 
polymer or copolymer, products having very different molecular weights can be obtained. 

The invention relates to the preparation of oligomers, polymers, or copolymers whose 
average molecular weight is less than 10,000; to the preparation of polymers or copolymers 
whose average molecular weight is greater than 10,000; and also to the preparation of high 
polymers whose average molecular weight usually ranges from 100,000 to 400,000. 

The invention also relates to polymerization or copolymerization procedures whose 
monomer-to-polymer or monomer-to-copolymer conversion ratio is less than 50%, and to 
polymerization or copolymerization procedures whose monomer-to-polymer or monomer- 
to-copolymer conversion ratio is greater than 50%. 
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The procedure for the preparation of the secondary amine may include a stage consisting 
of a reaction between the following ingredients: 

• A carbon compound that has a carbonyl group; 

• A primary amine; and 

• A phosphorated derivative that has a phosphoryl group. 

The carbon compound may, for example, be represented by the following formula: 

i 

c-o 

I 

R' 

in which R 3 and R 4 , which may be identical or different; may represent various radicals, such 
as a hydrogen atom or an alkyi radical, an aryl radical, or an aralkyl radical having (for 
example) from 1 to 10 carbon atoms. The R 3 and R 4 radicals may also be linked to each other 
so as to form a ring that includes the carbon atom in the carbonyl group. The carbon 
compound may be selected from among the aldehydes or ketones. 

For example, the carbon compound may consist of: 

• Trimethylacetaldehyde; 

• Isobutyraldehyde; 

• Diethylketone; 

• Dibutylketone; 

• Methylethylketone; 

• Cyclohexanone; 

• 4-tert-butyl cyclohexanone; or 

• Tetralone, 

The primary amine may be represented by the following formula: 
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R 5 -NH 2 

in which R 5 may represent (for example) a linear or branched, saturated or unsaturated hydro- 
carbon radical, which may contain at least one ring. The said radical, which may have from 1 
to 30 carbon atoms; may be an alkyl, aiyi, or aralkyl radical. For example, the R s radical may 
be selected from among the following radicals: me methyl, ethyl, propyl, isopropyl, tert- 
butyl, diphenylmethyl, triphenylmethyl, phenyl, napbthyl, benzyl, or phenyl-l-ethyl radicals. 

The phosphoratbd derivative may be represented by the following formula: 

hpcoxrW) 

in which R 6 and R 7 , which may be identical or different, may be selected from among the 
alky!, cycloalkyl, alikoxyl, atyloxyl, aiyl, aralkyloxyl, perfouoroalkyl, or aralkyl radicals, and 
may have from 1 to 20 carbon atoms. R 6 and/or R 7 may also be a halogen atom, such as an 
atom of chlorine, bromine, fluorine, or iodine. For example, the R andR radicals may be 
selected from among the following radicals: the methyl, ethyl, n-propyl, isopropyl, tert-butyl, 
n-butyl, phenyl, benzyl, methoxyl, ethoxyi, trifluoromethyl, or benzyloxyl radicals. 

For example, the phosphorated derivative may be diethyl phosphite, dibenzyl phosphite, 
diisopropyi phosphite, di-n-dodecyl phosphite, diphenylphosphine oxide, or 
dibenzylpbosphine oxide. 

In order for the reaction to tajce place, the carbon compound and the primary amine are 
preferably placed in contact with each other first, with the phosphorated derivative being 
added afterward. 

The reaction stage may take place, for example, at a temperature between 0 and 100°C, 
and preferably between 20 and 60°C. 

The molar ratio of the phosphorated derivative to the caxbon compound is preferably 
greater than 1. 

The molar ratio of the carbon compound to the primary amine preferably ranges from 0,8 
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Following the reaction stage, the mixture contains a secondary amine, which is likewise 
an object of the present invention. If necessary, (his secondary amine can be isolated in any 
appropriate way. 

Specifically, the mixture may be acidified by means of an aqueous solution of 
hydrochloric acid, to form a hydrochloride of the secondary amine, with an organic solvent 
(such as an ether) being added to the mixture in order to solubilize the fractions to be 
eliminated. The aqueous phase is then isolated, and sodium carbonate is added to this aqueous 
phase in order to release flie secondary amine. The latter compound is then extracted with an 
organic solvent (such as an ether), for subsequent isolation after the solvent has been 
evaporated. 

The secondary amine may be represented by the following formula: 

r 

H 

in which the R 3 , R 4 , R 5 , R 6 , and R 7 radicals have the same meanings indicated earlier. 

The secondary amine may be used in the preparation of a nitroxide. 

After the secondary amine has been formed, the procedure for preparing this nitroxide 
includes an oxidation stage for this secondary amine, which can replace its >N-H group with 
an >N-Ox group. Sfeveral appropriate methods are listed (non-exclusively) below: 

• Reaction of the secondary amine with hydrogen peroxide, whose principle is taught by 
European patent No. EP 0 488 403; 

• Reaction of the secondary amine with dimethyldioxirane, according to the principle 
taught by RiW. Murray and M. Singh in Tetrahedron Letters, Vol. 29, No. 37 (1988), 
pp. 4677-4680 (or by U.S. patent No. 5,087,752); 

• Reaction of the secondary amine with metacholoroperbenzoic acid (MCPB A), 
according to the principle taught in J. Am. Chem. Soc, Vol. 89, No. 12 (1967), 
pp. 3055-3056. 
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The methods described in the applications for European patent No, HP 0 157 738 and for 
British patent No. GB 1 199 351 may also be used. 

Regarding the MCPB A oxidation method, the oxidation is preferably accomplished under 
the following conditions: 

■ A molar ratio of the secondaiy amine to the MCPBA of 0.5 to 1, and, yet more 
preferably, of 0.8 to 1; 

• A temperature between -10°C and +10°C; and 

• The use of an inert solvent, for better control of the exothermy of the reaction. This 
solvent may, for example, be selected from among the family of chlorinated solvents, 
such as dicHloromethane or chloroform. 

The nitroxide may be represented by the following formula: 

f 

R i ^-P(OKR i KR 7 ) (4) 
0. 

in which the R 3 , R 4 , R s , R 6 , and R 7 radicals have die same meanings indicated hereinabove. 

After this MCPBA oxidation stage, the nitroxide may be purified (for example, by elution 
in a silica column) and then isolated after the evaporation of any solvents whose use may have 
been necessary. 

METHODS OF IMPLEMENTING THE INVENTION 
The following abbreviations are used in the examples: 
Per. Benz. = Benzoyl peroxide 
AIBN = 2,2 , -azobis(isobutyronitrilc) 

Tempo = 2,2,6,6-tetramethyi-l -piperidinyloxy 

DTBN = di-tert-butyl nitroxide 
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Example 1: 

a) Synthesis of2 t 2-dimethyl-l -(7, l-dimethylethyUamine)propyl diethyl phosphonale 

The following compounds are mixed, at room temperature in a nitrogen atmosphere, in a 
250 ml two-necked balloon flask equipped with magnetic stirring means and a dropping 
funnel: 6.68 g (0.077 mole) of pivalaldehyde and 5.62 grams (0.077 mole) of tert-butyi 
amine. The mixture is brought to a temperature of 30°C for one hour. The mixture is then 
returned to room temperature, and 26.23 g (0. 19 mole) of room-temperature diethyl phosphate 
are added, drop by drop, to the mixture. The mixture is then brought to 40°C and stirred for 
24 hours. 

The mixture is them returned to room temperature, 20 ml of diethyl ether are added, and 
the mixture is cooled to 10°C. The mixture is then acidified with an aqueous solution 
containing 5% hydrochloric acid by volume, until a pH of 3 is obtained in the aqueous phase. 
Then 120 ml of diethyl ether are added. Then 10 g of pure hydrogenated sodium carbonate are 
added, until a pH of 8 is obtained in the aqueous phase. Then the amine is extracted through 
four successive extractions, each with 60 ml of diethyl ether. The resulting organic phase is 
then dried with approximately 5 g of anhydrous sodium sulfate. After filtration, the solvent is 
evaporated, first by means of a rotary evaporator at 40°C and at pressure of 1 mbar, and then 
with the aid of a vacuum gradient at pressure of 0.2 mbar. The result is 19.36 g of 2,2- 
dimethyl-l-(l,l-dimethylethylainine)propyl diethyl phosphonate. The NMR [nuclear 
magnetic resonance] characteristics of this product are listed below. 

*H NMR in CDCU : 

0.99 ppm (s; 9H; iBu) 

1.06 ppm (s;9H; tBu) 

1 .28 ppm (t; 6H; J H -h = 7.1 Hz; CH 3 ) 

2.69 ppm (d; IH; J n .p = 17.9 Hz; the H has some P) 

4.06 ppm (solid; 4H; Jh-h = 7. 1 Hz; CH2) 
! H NMR in CDCU : 

16.49 ppm (d; J C -P = 5.5 Hz; CHHTHz) 
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27.90 ppm 


(d; Jc* = 6.1Hz;CH 3 -C-C) 


30.74 ppm 


(s; CH 3 -C-N) 


35.24 ppm 


(d; J c .p = 9.6 Hz; CH 3 -C-C) 


50.93 ppm 


(s; CH 3 -C-N) 


59.42 ppm 


(d;Jc.p =132.9 Hz, £H) 


61. 39 ppm 


(d;J c .p = 7.1H2;£H 2 ) 



31 ?NMRinCDCU : 
29.84 ppm 

b) Synthesis ofN-tert-butyl-l-diethylphosphono-2,2-dimetty nitroxide 

First, 2.28 grains (0.0082 mole) of the amine prepared in Section a) above are dissolved in 
5 ml of room-temperature dichloroethane. The resulting solution is then placed in a balloon 
flask that has been cooled to 0 6 C and that is equipped with magnetic stirring means- Then, 
drop by drop, 1-29 g (0.0075 mole) of metacholoroperbenzoic acid (MCPBA) in 5 mi of 
dichloromethane are added. After 6 hours of stimng at room temperature, a saturated aqueous 
NaHGCb solution is added to the mixture until CO* i$ released (i.e., approximately 30 ml of 
this solution). The organic phase is recovered and dried with approximately 5 g of sodium 
sulfate. The solvent is then removed, first by means of a rotary evaporator at 40°C at pressure 
of 1 mbar, and then with the aid of a vacuum gradient at pressure of 0.2 mbar. A quantity of 
1.39 g of an orange oil is obtained This oil is purified in a column 4 cm in diameter and 
30 cm tall, containing 100 g of silica (Silicagel 60, with a granulometxy of 0.040-0.063 mm), 
in the following way: A suspension is prepared that contains the 100 g of silica, mixed with 
200 ml of an eluant consisting of a mixture of CJHfeCl* THF [tetrahydrofuran], and pentane, in 
volumetric proportions of 1: 1:2. The column is filled with this suspension and is allowed to 
stand for one hour. Then the 1 .39 g of orange oil are placed at the top of the column, in the 
form of an 80% solution (by volume) in the eluant, At least 200 ml of eluant are required in 
order to purify the product. The liquid at the base of the column is recovered in 15 ml 
increments. The volatile fractions are then eliminated, first by means of a rotary evaporator at 
a temperature of 40°C, until residual pressure of 1 mbar is reached, and then with the aid of a 
vacuum gradient, at room temperature and under pressure of 0.2 mbar. The final product 
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obtained consists of 1.06 g of N-tert-butyl-J-diethylphosphono-2,2-dimethyIpropyl nitroxide, 



The elemental analysis of the final product is consistent with the calculated values. The 
RPE [routing platinum electrode] figures for this product are listed below: 

a p a 45.26 G 

^ = 14,27 G 

g = 2.0061 (the Lande factor) 

(i.e., the spectroscopic splitting factor] 

This radical is stable, insofar as its RPE spectrum does not show any detectable change 
after storage for 2 months at a temperature of 25°C. 

For simplicity's sake, this product is referred to as M p*-P". 
Example 2: 

a ) Synthesis of a (CHshCH-MgBr magnesia solution 

First, 1 gram (0.041 mole) of magnesium slivers are placed in a 250 ml two-necked balloon 
flask equipped with magnetic stirring means and with cooling means that include a CaCli 
trap. The magnesium slivers are covered with 10 ml of diethyl ether and men with an iodine 
crystal (approximately 5 mg). The function of the latter ingredient is to activate the 
magnesium and start the reaction. 



which has the following expanded formula: 



CM 
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Then 5.04 g of isopropyl bromide (0.041 mole), diluted in 10 ml of diethyl ether, are 
added, drop by drop, using a dropper funnel. The mixture is stinred at room temperature for 
3 hours. 

b) Preparation of the N-tert-butyl-l-phenyl-2-methylpropyl nitroxide 

First, 0.3 gram (0.0017 mole) of phenyl N-teri-butylnitrone (PBN), in solution in 5 ml of 
diethyl ether t is placed in a 100 ml two-necked balloon flask equipped with magnetic stirring 
means and cooling means (purged with nitrogen). Then the magnesia solution prepared in a) 
above is added, drop by drop. Then 10 ml of distilled water are added, and the mixture is 
stirred at room temperature for 2 hours. An extraction is then performed, with twice 20 ml of 
diethyl ether. The organic phase is dried with 5 g of sodium sulfate. After filtration, the 
volatile fractions of the organic solution are eliminated, first with the aid of a rotary 
evaporator at 40°C and pressure of 1 mbar, and then with the aid of a row of vacuum cocks 
[i.e,, a vacuum gradient], at room temperature and under pressure of 0.2 mbar. A quantity of 
0.42 g of a yellow-orange liquid is obtained. Purification is then performed on silica, in the 
same manner described in Example 1-b), except that the eluant is a mixture of pentane and 
acetone, in a ratio ctf 90: 10 by volume. The eluant is evaporated in the same way described in 
Example 1-b), and 0.1 g of N-ten-buryM-phcnyl-2-methylpropyl nitroxide is recovered. This 
compound has the following expanded formula: 



en 




cat — c — » — 

V i \/ m * 

O CH 

\ 

CH 

3 

The elemental analysis of the final product is consistent with the calculated values. The 
RPE figures for this product are listed below: 

aw = 15.21 G 
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a H = 3.01 G 

This radical is stable, insofar as its RPE spectrum does not show any detectable change 
after storage for 2 months at a temperature of 25°C For simplicity's sake, this product is 
referred to as "(J-cp". 

Examples 3 through 16: 

At a temperature of 20°C, in a nitrogen atmosphere, 150 g of styrene, Y millimoles of trigger, 
and X millimoles of a stable free radical are introduced into a 0.25 liter stainless-steel reaction 
vessel equipped with a stirring belt and temperature-regulation means. The mixture is then 
brought to a given temperature T (in °C). The moment when the mixture reaches the given 
temperature T is defined as the moment at which the trial begins. 

Samples are then taken, over time, so that the following parameters can be analyzed: 

- The polymer conversion ratio (indicated in the tables as "Conv,"), which corresponds 
to the percentage, by weight, of the solid, as obtained after the sample has been 
evaporated under a 25 mbar vacuum for 20 minutes at 2O0°C, in comparison to the 
initial weight of the sample; 

- The weight average molecular weight (Mw) and the number average molecular weight 
(Mn), and therefore the polydispersity index (PX which is equal to Mw/Mn. These 
parameters are quantified through gel-permeation chromatography. 

Tables 1 and 2 summarise the results in terms of the type and quantities of X and Y (Le., the 
stable free radical and the trigger, respectively) that were introduced, Tables 1 and 2 show 
the figures for Mn, for the conversion ratio, and for the polydispersity index as a function of 
the duration of polymerization (starting at the initial moment). Examples 10 through 16 are 
comparative examples. 
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CLAIMS 

1. Procedure for the radicular polymerization or copolymerization of at least one 
polymerizable monomer, in the presence of a stable radical that includes a chain 
having the Mowing formula: 

I 

-G-N-O* (1) 

I J 

in which the molecular weight of the Rl radical is greater than 15, 

2. Procedure according to Claim 1, characterized in that the molecular weight of Rl is 
greater than 30. 

3- Procedure according to Claim 2, characterized in that the molecular weight of R L is 
between 40 and 450. 

4. Procedure according to any one of claims 1 to 3, characterized in thai the remaining 
valences of the carbon atom and of the nitrogen atom in formula (1) are linked to 
monovalent radicals. 

5. Procedure according to any one of claims 1 to 4, characterized in that Rl includes a 
phosphoryl group, 

6. Procedure according to Claim 5, characterized in that Rl may be represented by the 
following formula: 

R 2 

J 

-P-R 1 (2) 
II 
O 

in which Rl and R2, which may be identical or different, are selected from among the 
halogens, the allcyl radicals, the cycloallcyl radicals, the alkoxyl radicals, the aryloxyl 
radicals, the aryl radicals, the aralkyloxyl radicals, the perfluoroalkyl radicals, and the 
arailcyl radicals. 
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7. Procedure according to Claim 6, characterized in that Rl and R2 have from 1 to 20 
carbon atoms. 

8. Procedure according to any one of claims 1 to 4, characterized in that R L has at least 
one aromatic ring. 

9. Procedure according to Claim 8, characterized in that Rl is a phenyl radical. 

< 

10. Procedure according to Claim 1 , characterized in that the stable free radical is N-tert- 
butyl- 1 -diethylphosphono-2,2-dKmethylpropyl nitroxide. 

11. Procedure according to Claim 9, characterized in that the stable free radical is N-tert- 
butyl-l-phenyl-2-methylpropyl nitroxide. 

12. Procedure according to any one of claims 1 to 11, characterized in that the stable free 
radical is present in a ratio of 0.005% to 5% by weight of the total weight of the poly- 
merizable monomer and of the stable free radical. 

13. Procedure according to any one of claims 1 to 11, characterized in that a free-radical 
trigger is present. 

14. Procedure according to Claim 13, characterized in that the free-radical trigger is 
present in axatio of 50 to 50,000 ppm, in accordance with the weight of the 
polymerizable monomer, 

15. Procedure according to any one of claims 1 to 14, characterized in that the said 
procedure leads to the creation of polymers or copolymers whose average molecular 
weight is greater than 10,000. 

16. Procedure according to Claim 15, characterized in that the said procedure leads to the 
creation of polymers or copolymers whose average molecular weight ranges from 

1 00,000 to 400,000. 

17. Procedure according to any one of claims 1 to 16, characterized in that the monomer- 
to-polymer Or monomer-to-copolymer conversion ratio is greater than 50%. 

18. Procedure according to any one of claims 1 to 17, characterized in that at least one 
polymerizable monomer is vinylaromatic. 
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19. Procedure according to Claim 18, characterized in that at least one vinylaromatic 
monomer is styrene. 

20. Procedure according to any one of claims 1 to 19, characterized in thai the temperature 
is between 90 and 120°C 

21. Procedure according to Claim 20, characterized in that the temperature is between 100 
and 120°C . 

22. Procedure apcording to any one of claims 1 to 19, characterized in that the temperature 
is between 120 and 200°C 
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